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mm %m%mmtm.&i. 3um. i. 5 sum 

*©lH*flB(c Y^tttt© 1.3u mfflffl*bfcz*i£ll8gli 
l*EU 1. 3 umm3t%Mwt*m»ls— IfVitc 

mm?z>o — i. 55 i/mfflm*f^»jg5Svi^e»m 
w-r€.3fc« i . 5 5 a* mffls^isvii r-s^;-r^„ 
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[#SM»#©«IB] 1 
[ 1 ] &£© Aft 5^1*s<tO'S2 ©##?#£ 

aw a 1 ^©Ast^^i. mism i ©^if-riBis 

2 ©*«©36*Stt £{£gfc:mS4-r aa£&SSff2£g#$ 

«©#*«:*■*- 4 Sutem i ©^Sffls^is^ i . mriem 

(Clajj&ioTajW-r-S^^^i. WSB»2 ©*»©** 10 

a mi&$ 2 (Djtmm&ftm* t zmm wcci* 
Htrieis i ©^«B?fB»?fi3S^iKfi^?ss©w*nsit?a 

« 1 .£tcft% S ft, 3&>o|ffESB 2 ©ft&ttmilBilStSSjB 
«»#iftS©ttiM«"eiJ>& < i 2-o(c#W3ftifi#S 

ft a . t> l < umssm 2 ©^ttBuia^ss^s^-^ 
HtBWifsirtita: 1 *{c«f$h. «>oMiBJp 1 ©pfc&tt 
m(IBii^SSff^ft9-^g©m*f^-C^^ < i 2 -3«c» 

*»<*ft#ii#sftaj:5K:. MG»j(njHKKAifloi 20 

[»3jai3 ] M$Jg 1 K!BiS©3fc»i&[5]?gK::tec>-r. 
lffSE» 1 ©^«BMiBa«fi^?SS^j«tS©tH*f«3-C^ 

(cross) vtmicmytzti. 3&>o«riESf2©* 

&Wi!jga^jfig§ff^«^S©tB^rvN*- (bar) 
tttBKCflbfe 3 ft a . & L < tt1fflfB& 2 ©:£#? ttsu IB«?S 
K»ifcB#&g©fti#i&r?P* (cross) tftttc 
ifyfcSft, *o«riB» 1 ©*««IWE3»«»Jg»Efi»« 
SOttUHrct- (bar) tt!HKc#bte3ftaJ:5«:. 
wffB^8g^S^jSS©"iiI<i:«$>&l9^U/cC i£1# 30 

afci-raftig&iigg. 

ffl**»^-i©s»±(c«rga» 1 ©*»«:*frafflMWi 
68»4. b < tt«r«w i ©^awis**-?. flJIBfl 

2©#«ffi*56*?-, buIB^^^©Pb1«: 1 ffltt±©# 
*l»*«Wa. ©4>&<i&lo«ftl,ft:C£&4$ft£ 

-ra#j£&@8&. * 

77 = e x p (- x 1 /w ! ) 
©3C(cS6or^trsci«:«ca (Mmn^m: r^f 1 4 o 
><^*©fc»©^^»©*Bi£l6fflJ Sittl^tt) . 

- ^-©WTfta x U *>«F 3 ft tt C> C i tc a. 
[000 5] 

*iSi*»»ia»"CH:. imai«briLi«BTjE 
©Sgfc a D©7fel4©IA-rftAS^Da<. iSRtt«HS«>o 



[S»*15] Him I. 2. 3 35fc«4{CfB«S©5fei» 

jasis«:*i»,»r . huib^ i ©3e«jwnrK^*- FTiwe 
**^5*ai§«irffijii i ©^*2^S!i-ra/c©©^ 

a^iSias§o 

[»W©»tttt«ii»] 
[0 00 1] 

©«fci»»*r^e^«:affliitt&*««iaK{cH-ra. 

[0002] 

CSe*©««r] 0 1 5 CcS£3|E©gSJiW*in-r. 10KJ 
¥-t-F367r^(Single-mode Fi 
ber: SMF) 3 Mini 1. 5 5(/m©t 

«©s^«*»A«-5-a3feAS*aP"c*a. c<wm»B7 

r 4 =ylg>\ 0 2-C&S*5 1 . 3ttm©36tl. 5 
5//m©*t«:M3nS. Sffil. 3tfm©£tt<*6> 
KSMFtCj:43 d 1 0 3tC2^SH3ft. 1. 

3 (jmfflSjBl 0 4CCj;Dt&fctJ3fta„ <&K 
1. 3um©**ta**ra*aKtU— !f 1 0 5*6HJW 
3ft/c7fe«. 3 dB*^9 1 0 3«XffU *A*fWl 

0 1*6SMFK|S^U ^fS]G^^pJ«Ei^a. — 
J, igl. 5 5(im©3e«SMF 1 0 6£iID. 1. 
5 5/imffl«Sl 0 7K<fc0^m$fta. iCW 
SMF©^*-; Hf-{X(Av-Ail/e ! «C&a¥ 
S) (Jft5(imiA#C^, ^«fte£«iftBg©;*tf? r 
if-fXttfiUmi/h^U. tot, 1. 3 ttmffiS* 
SI 0 4**aW*U— !f 1 0 5*J«£Cf 1. 5 5«mfflS 
3681 0 7 i SMF i ©*££•«:», 0 1 SKinU/cJ:^ 
K. SMF©ft«£U>XftG/c$fcS<:7y -f^Srfflua 

a. oJO, SMF©X#* MMX£¥2S{*ag&S8© 

x* * htr^cxtcsr^-racitc^a. 

[0 00 3] &^IUfcSMFi^2S&#e&&Sg©X 

x/cwfSTft^u/ciiss-rai. ^om&mmvit 

[0 004] 

[»i ] 

(i ) 

mm < & a i t, > 5 mm±<omm* i $> ■? tc. 
[0006] -ec-c. ^BMommtctifbomm^m 

©^-cfift/c^rsje^Kiifflpjtg^^^iHiifS^sm 
racitc^a. 

[0007] 

[S5s*«^-rafc©©^] r^cft^. *mi(Dm 1 

©«ifc^©fc§E5:ft2g&@3&tt. «fi©^^ca^lfcJ: 

cxm2©7fe?s^ei8t-a i ocDA^ss^ssi. mia^ 

1 ©^ifuiB^2©3ic^©?fe^Jsafi[g(cffiwra 
«ttS8^fi^»« i < i i>mm? a^^isiifs 




3 

ffliJJCBMism 1 ©3t«©#**fc*--5WB» 1 ©#i&JBS 
ft^i . ji«IES& 1 ©#»©»* i tttJPI Cift*©3fe* 

m 2 ©#&©# S gmeft 2 ©#»««#*■?■ i 

[0 008] #^©82©»^I8«cf^3^«|5|gg 

at. mRJV i ©HHfc#«©*»«iaHfc*ii,»-c, atriBSS 
i ©^WB?fa^ssff^s^^s©w*f^r«« i £ io 
Ki3fe2n, a»o«rse* 2 ©£ttBfir^tt8&Btt£& 

STBS 1 i,Ki3e3ti, *»o«fffi» 1 ©#«tt«WB* 
jftHHB?efi»ift«©mW48-CiI>«c < i 4> 2 otc$HMi5 ti 
«*?n^J:^K. BuiEi£&i8»&g#a£S©Us <tfi $ 

[0009] *§m<o&z<omfc^WLt l cu'>i(mfflm& 
«, «wa» i ©«wi#ia©^iftEii5«c*5i>r. Bute^ 
i <o%w,m^mm&im.s^m.m>mmm-c * p * 20 

(cross) tfcfKMJtl, *»offiffiSI2©#«tt 
ffifiSW«8SJeiSfi»««©m«ifi"C-'<- (bar)TO 
fC*7fe$ n & . feb< ttmifBfil 2 ©7fe^{*BulB^^SSff$ 
«J^ift8©aiMifi-Ci'P* (cross) «MMc#yfe 
Sti. a»ofl&8Ej& 1 ©*ig«m)IB*<SS§ffJjSft9-<^S© 
ffl*f»tV<- (bar) tt»«cjR*$ti4J:^«:. SulB 
«S!8»jRfi»iSS©«i*S ^Sfl/fcC 

-rs. 

[0010] *j6w©»4©»**s«cfie536i»»aa!S 

««HB*1. 2*fctt3©«fifc^K©^«ttK*j(,» 30 
r . miia^*- KTSM5#«S i IRKS 2 ©7fci£fflS:fc 
^•T-i©SSS±«:B>jfBm 1 ©XtttctfrsiftJRJieRtt' 
b < ttwtBS* 1 ©3feiftfliS#*?\ B5IBS2©* 
iJgffl^S^, BWB«*«^©iai«c 1 <IfcJ±©#iH??f£ 
SW*. ©4>&<£fclo*i6t,fcc&*«p«£"*-*. 
[0 0 1 1 ] *fro©&5©JBft^gl<C&3:^ig|p||g 
tt. tVEXIl. 2, 3*fcW4©«&#g©7fczSj&[5]gg 
{CfcOT. HflfESfl 1 ©*»ii«Eft- KT8WB#*:7 

54aiiaiwiE» i ©*»*2»«-r*fc*©*««B 

KflftK6*^r»4Ci*1J«4T 5. 40 
[0012] 

fi^«lHlS§{c[£ffl-r^ii^(c. 2 -?©$««:*] 
*3 dB*7*^t^8*-5t4*-fe^7^^-^>yt^|{C 
&S<fc5tcKif"rS. &&l>tt2-o©jfcgtc*tU-C&* 
fO^ (cross) tm&ZWm- (b a r ) tftB 
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ot»r»e»tt©^it?«nfc5R^iGa6{c 

[0013] 

infcW] «T«cHB*#J880-C*»i»©l«6«*»»l 

KH9i-r«. 

[0014] (iijfiiw i ) a i tt*i&9i©& i ©ius^i 
Kfie5*i»«@i8©«sa«j«aia-c*s. cct. i« 

*A*tg&. n»3»»K»«[«»«S©-«r**^*- 
F^RJfcJfJ (Multimode Interferom 
e t e r : MM I ) ^jgSi lTO**77, III tt 
1. 3 MmffltBStftif&gg. ivttl. 3MmMS, 
V«^3fe^<bU-r©*iSt*U— !f. vail. 55/im 
fflttiStiftSfttt. VII tt 1 . 5 5 jimiM-Cifei), 
lBn-InPHR. 2«n - I nGaAsPffc 
T. 3ttn - I nGa A s P±tjl=»7\ 4ttp-InP 
?7 7F, 5»nfflijm®. 6«1. 3umOi8?S©)K5: 
tt(HtU*©i-InGaAsPI, 7ttpffiijm@. 
8« 1 . 3 um©»fi©#*ttijW"rSfc«>©3*WtF-# 
F (MQW) rSttJl, 9tt i - I nPt-f F^7? F. 
10141. 3 um©igg©^©^PX h-^J&frSrS&JK 
-T^fcfticSWfc l n G a A s PiRJRJi. 1 1 tt 1 . 5 
5um©ttftW6**WtSI nGaAs««i. 12 
tt#i§trlt-c 

[0015] *HJ6W«:fit^^?gI5|ggttW«#JS^ 
8xf^ Ss-&«©lHb&S!ftff & 5 

% y v ^5 7 a -mm t tc <t 9 ;x© <t 9 tc o r ceis-r & 

C<t#r#& 0 -rt£t>%. Jfn-InPIilitCn 
- I nGaAs P«EJS=iT2^^T^„ iX^r. ?fcA 

itgp i fcio'MM 1 ft&mittez^zmmicte^'c, 

n - I n G a A s T 2 ©±CC n - I n G a A s 

PSI37 3, p - I n P ?7 F4 ^jifiiXRKS O"C0 
2~05(c^«iSi-r-5„ 1. 3 ymfflHWtftig&gS 
III i^-S-^^^tCfcC^rttitil^TS. It-CF^ 
■^F9. p - I n P^7 F?:Ji^£g-r-5„ 1 . 3 u 
mS?16SlvtJ&^>^^^CCfc^rtt*3l=iT3. i- 
InGaAsP16. 1»7 ;< K4 4IMfttS. ¥z§ 
^U— tfVi^c^^#^{Cfct^rttMQW?§ttJ18. 
p-InP^7^K4WMlT5. 1. 5 5ymffl 

mmftm&ftvit * s^if «««c*ji»-rtt^a=i r 3 . 

I n G a A s PtRiR/l 10. p-InP^7i-h'4 ?rJlfi 
1. 5 5 ymfflSTfeSvii i^c^^^M^ 
«:*5t,irttftii3T3. 1. 3 Mmffl I nGa A s P© 
JRM 10. 1 . 5 5 w mffl I n G a A s ©JR® 1 1, p 
-lnP>7-; F4£fiXS-<r£. M«V©^j^ffiJ©B« 

i tca-r^sr-x vf-^s/u-c&m&t bts 

S4^?:iiS«f)^. M^III iMJSlVADratCtt^^l 2 
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5Ci«MT*5, «gi^IV. ««V. ««vii «cpfflil 
li^MO. 1 ©»MMCC nffliJH® 5 £?fcfirr 

[0016] ;£A*tSB U* 1 • 3 /im©SiS©36i 
tt) 4 1. 5 5 Mm©«fi©#« (fflNSl) ©«£«»*A 

*-*-F*7r-f/<(aT. SMFilO) ©SSffi* 
36AW2P I ©S8ffl(Cj5'3W SCiKiO, ft£A*f2t>- 

8»5 nintWl*, ^{sfcfti*j&iJ8©*tf? Mt-fX 10 
W*>1 tfmi^SDO-C, CCD^AWSPI TSMFOX 
h^X&^teft^&Sg©;**? Hf-fXKfflJl 

X#» Hf-^XJfegaRSiifcl . 3um©jffifi© 
*»MM IftWimKOmMtiiiC&tthtltt 1 . 3(/mffl 
ffi*f7fe^jg8§III tcthmZtiZ. C©1. 3 Mm 

©^«Y55-««:J;0 1. 3Mm/BS:fc3iIv 

(ciO^tB^tiS. «c*», 1. 3 um©$g©*£fcH*f* 

d = nWe f f 2 /A„ 

We f f »MM I ft®mu<Dm$}mffi-C2> *) . X 

(Dwem. o) *ta«fiR0S[-3. *2o 

We f f ' = (A, /2) • 
CCT, A„ ttJt£t*it?©#©iftfi. nBMMIMS 
H©3B»JB*r*. n, «MMIfl-iSESlHC*sW4af** 

[0 0 2 1 ] AH##SMM I #igg§ll©4i'i>g|JR:A*f-r 
•B»^**it4. MM I#&Sll£d/2/cW3£#jit? 
i. #ttMMI#«Sll©*N>*»6 + We f f/3, - 
We f f /3©2o<D&gtC2#S!l;*ft. ISfc-TS (3 
dB»^9ttt). Se^-C. C©2*Br«cS*S*4JW' 
«. ^<i7-*«War*. S*B»sp**J:ir». —-ft. d/c 30 
W»tJ*B^CCB. MM I£4MlI©?4>KAf*ft# : ffi& 
l5lG^7iJ©3t^*S«T^ (-fe;U7^y-^>y^ 
•) . 

[0022]ffl-jt. Witt. 1. 3ymO$S©3t«: 
*fL.r«H«-r?^-rj:5«:d©K«[«. 1. 5 5 Mm© 
i&g©#K*t u r itmu-cnk-r J: 5 «C d / 2 ©^ifcfg £ 

J: *) (CMM I #?6Sii©fi3 *R5TT 5 C i JCcfc 
0. 1. 3 Mm©^^-feJU7^^-t?>^gg{C. 1. 
5 5 Mm©:7fc£3d Bfty^VimiClr 2>C £&VZ 

[0023] «t. m&m^mmmoiXMtim&oim 40 

[0024li2Bil «:*JWS^A*fSP I 

x^^^s^i^-rs^©^*.*.. H3 404 
«. &*@i©a-a' ;§?. b-b' m^^mmmx- 

n-InGaAsPll372BAg=l. U 
mtff?*55Onmlgt*0. n-lnGaAsP* 
l373ttAg=l. l/xmTl?*i2 5 0nmigr 

[002 5] X#y X&mb umi&m.<DW.gL\ . 50 



tc&. mm 1 »«asii*a!tfr s c i(c«t 0 7tA*fgu 1 

A£ft. SMF^A*f-r-5„ — 1. 5 5jim©jKB 
MM I^&SlI^MMU/cB^^fl-fllStl. 2o© 
1.55 ymffl^cSSvil -C^tH^n^. 
[0017] *HJfiWfC*sCirSS^jS«. l . 3/im 
il. 5 5 Mm©iS-£#?#MM I #&gIF&a©0/cB# 

i£fi 1 . 3 m m©;fttt 1 £(CM?n, ifcS 1 . 
5 5 Mm <DffiZWt& 1 . 3 m m ©#©*:£ * £ -p 

©#*:£-csyrf-5>. 

[0 0 18]«b^, MM I #$SllK*tU -X©S 

[0019] 
[&2] 



* [0 02 0] 

[»31 
/ (n 1 -n, 
3 Mmi 1 . 



) 



(2) 



(3) 



5 5(imO*^^-; MfYX^&gfSi L 
T©7feA*tgpi KA^T-Si. ^2^03(C^-rJ:^ 
CC. n-InGaAsPil3 72t f - A^tcJllIJ 
tx/cn — I n G a A s PftlaT 3 CC J: 0 . MM I £HS 
SlI©A**SBtc*5Cir«X5j< v Hf-^X«1 Mmfiaic 
8i/h;**-l&„ 01~9CCfcCir, n-InGaAsPI 

f 372 i <D%m<D±mic t>tc -oxmi^tix^ 

-5*5. C©Jl«04*J<fc!>*S5 6C7n-r~8 Mmifs$/c« 
W t ©iti(Ct)/cor©^^EUTC^Tfe<fcti„ 
[0026]i5iJil KJBW&C-C iKS^MM 
I^^II©»rffi0r-*«3. MM I ^SllCipgW, * 
^10(imit5. ±3$©;-?^y -£©*§-&. 1. 3m 
m©i^g©7fe«:*fur d«2 4 5 Mm. 1. 5 5 Mm© 
jfeg©7fc«:*tLT«, d/2B10 5ami%S„ f-o 
r. 0|*.tf. MMIMSIIOSJL, ?:7 35/jmi 
f-5><!:. l.-SfimCDSfiO^Kl^L/tttU Bd©3 
« (-T^t)%. g$Stfg) ■€■©*£». MMIM 

Sn©^{ig«:*jt, > •c-fe;u^w'^->?> yft^ £ t£ -5 
©T. MM I^SH-©AS4l?^flJ<!:|^G^*^fi£$ 

n. i. 3 m mmmstyfrnmsiii vzm-^n. c©ttj 

«Y^««:J:0 2^S9$4i. 1. 3 m mffiS^Slvtc J; 

[0027]i6ii7tt. §«il*©D-D' ^. 
E-E' S(C?S^KIiTS)5„ i-InGaAsPH 
6 A g= 1 . 4 Mm) ttl . 3 (imCMt^ 

m-r-5fc©{C^Stirc>-2>. MQWr£14@8«l. 3 
mn©iKI©*5:Mtl.. giVTilfc 1 . 3 Mm 
ffl^^U-lf (*5miMQWrS14@8) ^6©UiW 



mxYftt&zmiu. mm i #igi§ii<D;&J&K:Aatr 

hf-/XTMM5. &tc. M^IKCfc^r. 5 m 

[0 028]-*, 1. 5 5 um(Dm.^<D%icm^X 
«. U ttd/2©7{g (T^C^^. 3H&{g) -C*4j6» 
6. MM I ^iS&IICDl^jSfigtCfcliT. 3dB*-7'^ 10 
ttttt£&£. #tt2#»$ttT 1. 5 5 Mm 

fflW«*i»il»SvitclS^L. 1. 5 5iimfflS*«vii 

[0 0291 i8ii9tt, S^il©F-F' G 
-G' ifS5fC?S5Kffii0-C*-5„ 08*© i - I n P-yj 
F*9?F9ttl. 3 m mffltBM^ViSBlil ©Jg-* 

[0 0 3 0 ] 1 . 55 u m©^S©iin^c:« 1 . 3 m m 

atctteac^. i. 3 timomtxytizi . 55^1 20 

7"£©^VKC«. j&Rl. 3wm©f©i'0^h-i' 
^^©HXf £/<:«>«: I n G a A s PgRJfcJi 
Ag=l. 4/im) 1 O^SWtl^. InGaAst 
iRH 1 1 « 1 . 5 5m m©^g©^*^tiJT5/c*©4> 
©T-<fc£„ SRJ^vKC I nGaAs P^iDUf 1 O^^Wfc 

to. iSftl. 5 5 m m ©:&«:#-?- -5 ^nx b-^j&fl-£ 
jttlCCfifcr* S6«C. 0 1 (CTKUfccfc^K:. 30 

?:Sst>r^$<-r-SCi^-c*5„ £/c. 1. 55/im 

1. 5 5 Mmfflg^cflVII (C|S«-rS^7-^<«C 

0. S*S»Jp*il»<ttS. ?6tC, 1. 5 5/imlS* 

%#$ti-5. *fc. i. 5 5 ummttimftmmsvizm 

BgLTMM I #&SlI<fc 1.55 m mffl§3feSvil £iE 
SltiJ:^ c©*§^«:«:. MMi&ttSnccfett* 

1 . 5 5m mffl^McgVII ©iS^fC 1.3m m©;fc£gR*40 

L7C = 7C/ (/3„ -/Si ) 

m i i «:*>t»r . mm i fr&miewmftt>ic\m$fi i 

©fUifB*T-©&giX£. X=iftW/3. ifiiMMI 
^SlI«cJ:«5»^S<i6MM I ^3t*7*7«^-©RS 
L» ^L^mMS©*^^*-^ (-fe^-^- 
^m^) . L7r©i5i&{2©*li^ai*axtKJ& (M 
M I ^Sii©^#{cW^cStif*®tc*tur^ffi*m;K: 
«jt«. ^JS^ 1 (DM 5 (c^flg 
&'<?.><-$©«£© L xtt. 3/imil. 5 

5(im©3tlCOI,it. ^36Umi304umi% 50 
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*HX-rS InGaAs P»RJ|XJ1 1 0?:Ml/-Cfe(t(« 

[0031] ccrast^* c it*, ^fsw©*^ 
@«ia3R*isi*Gastt:«ffl-r**:». %m#u— «fv© 

i. 5 5 Mm©*{c-otir«. mmytmmsvLt 

1.55 MmfflS^Svil ©i|ig£j£< LTistttfgK © 
yt&tfitiiTZCtiVTZZ. t£-?T. 1. 5 5(im(Djfe 
Cco^r«. 3 d B^77tW58«I^W:W^S:T-2.^ 
#fc< . 8S»t4B«feiyt»f^©flFSflS*^:*t»*ljS3W** 
U MM I #&2§ll©fii* L, ^<^5Ci4>pJ#gi 
$/c. MM I B*}V r: 7&mzmi&fo&&&'\^^ 

S5„ £6CC. MM I fl-i&SlI©^ L, U- 
•*fV©ffi*b£©<©&. -?t£fyt, TEt- F(Ci88BtC-&:b 
t»-r&J:<,>U TE*- F£TM*- F©4»fSK:£:btt 

fc/cU MM I #««II©*SJg(C*5(,»T. i'^l/tfeT 
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